This analysis assesses the role of skills, human capital endowment, and migration as determinants of Sub-Saharan Africa's participation in manufacturing global value chains. Due to lack of reliable data on skilled labor, skilled and unskilled labor contents in exports were generated from the Global Trade Analysis Project database. A panel of 23 countries for which data on skills and manufacturing global value chains are available for 19 subsectors was constructed. A fixed-effect gravity model was used to estimate the determinants of backward and forward global value chain participation. The estimates obtained from the sample are compared with global data covering 115 countries for benchmarking purposes. The results indicate that for economies in Sub-Saharan Africa, skilled labor seems to be the strongest determinant of participation in backward and forward global value chains. Similarly, initial human capital endowment has a strong positive impact on global value chain participation at the global level. However, countries with relatively high initial capital endowment benefit more by incorporating foreign value-added products in their manufacturing exports. Finally, countries that receive net inflows of migrants tend to engage better in backward and forward global value chains than those with net outflows of migrants. The findings suggest that policies to improve Sub-Saharan Africa's integration in manufacturing global value chains should target: shifting from unskilled to skilled labor-intensive backward and forward global value chain activities; upgrading the quality of the labor force, since unskilled workers are so far the most available and the most used in manufacturing global value chains; investing in the quality of human capital; and promoting intraregional skills mobility. This paper is a product of the Office of the Chief Economist, Africa Region, commissioned as part of the 'Industrialization for Jobs in Africa' regional study. It is part of a larger effort by the World Bank to provide open access to its research and make a contribution to development policy discussions around the world. Policy Research Working Papers are also posted on the Web at http://www.worldbank.org/prwp. The authors may be contacted at nyameogo@worldbank.org and kjammeh@worldbank.org.
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In Sub-Saharan Africa (SSA), policy makers are increasingly looking towards GVCs for two main reasons. First, GVCs provide SSA countries with a unique opportunity to diversify their economies from the export of raw materials in the bottom of the value chain to high value-added activities.
Second, GVCs serve as a potential source of employment creation for the continent's rapidly growing youth population. However, a good understanding of GVC characteristics (Jouanjean, Gourdon, and Korinek, 2017) and the current challenges and opportunities to strengthen domestic value chains (Farole et. al, 2018) are necessary for a country to integrate into a specific segment of a GVC. The objective of this paper is to understand these critical determinants of countries' participation in GVCs with a focus on skills, migration, and human capital endowment. Although a growing number of studies have recently tried to understand the determinants of countries' participation in GVCs, little is known about what drives the low participation rates of SSA countries in manufacturing GVCs. We provide a comparative analysis of the determinants of participation in manufacturing GVCs for Sub-Saharan Africa and the rest of the world. This is done to better understand SSA particularity in terms of GVC integration. Using panel data for 23
SSA countries for which data on skills and manufacturing GVCs are available for 19 subsectors, a fixed-effect gravity model is estimated for both backward and forward GVCs participation and results are compared with global data covering 115 countries. The results suggest that skilled labor is the strongest determinant for both backward and forward GVCs participation for SSA countries.
We find human capital endowment to have a strong positive effect on GVC participation at the global level but not for SSA countries. This can be explained by the fact that SSA countries have relatively low initial human capital endowments. Finally, skill mobility, proxied by net inflow of migrants as a share of population, is an important determinant of backward and forward participation in manufacturing GVCs for SSA countries. Consequently, our findings suggest that policies to improve SSA integration in manufacturing GVCs should target: shifting from unskilled to skilled labor-intensive backward and forward GVC activities; upgrading the quality of labor force since unskilled workers are so far the most available and the most used in manufacturing GVCs; investing in the quality of human capital especially for countries that are at the bottom of the HCI ranking; and promoting intra-regional skills mobility or skilled labor migration.
The next section presents a review of literature on the effects of skills, migration, and human capital endowment on countries participation in GVCs. Section III provides a discussion on data and methodology used in this study while section IV provides a descriptive analysis of the data. 4 Estimation results are presented and discussed in section V while section VI concludes with some policy recommendations.
II.
Literature review: Effects of skills, migration and human capital endowment on manufacturing GVC participation Countries can participate in GVCs in two ways reflecting upstream and downstream linkages in the chain. 1 The first is backward GVC participation which is foreign value-added content on domestic exports. In this case, countries import foreign inputs or intermediates to produce final goods and services for their exports or final consumption. The second channel is forward GVC participation which is domestic value-added goods sent to other countries for further production and export through the value chain. Here, countries participate in GVCs by exporting domestically produced inputs to countries in charge of downstream production stages. This section provides a brief overview of the literature related to determinants of countries' participation in GVCs with an emphasis on the effects of skills, migration, and human capital endowments.
Effects of skills on GVC participation
An important stream of research in the GVC literature is the breaking down of trade into different production stages or tasks, and how skills affect country participation in different stages of the production process. Several studies such as Costinot et al. (2011) and Blinder and Krueger (2013) find evidence that countries with low-skilled workers to perform "routinisable" tasks are more likely to be integrated into GVCs. Grundke et al. (2017a) explain that the performance and positioning of firms, as well as the specialization and competitiveness of industries, economies and regions in GVCs are shaped by the skill composition of their workforce. Although studies in the trade literature provide significant understandings on how skills (or more broadly human capital 2 ) shape comparative advantages in international trade, the literature has relatively been silent on how such skills affect country participation in GVCs especially in manufacturing GVCs.
The lack of empirical evidence on this area hampers the design of policies which aim at improving country participation in GVCs and 'social upgrading' (Grundke et al., 2017b) .
Recently, researchers such as Grundke et al. (2017b) attempted to estimate the effect of skills on country participation in GVCs. However, there is no consensus on the direction of causality. This is because higher skill endowment is expected to contribute to the participation, competitiveness and positioning of countries in the global value chains (Kowalski et al., 2015) . At the same time, countries are likely to gain substantial skill-benefits from higher engagement in GVCs (Del Prete et al. 2016 ). Del Prete et al. (2016 provide suggestive evidence that skill is one of the fundamental determinants of country participation in GVCs for North African countries, using recently released multi-regional Input-Output tables from UNCTAD-Eora. However, they pointed out that the ability to benefit and retain the benefits from GVC participation depends on country specific characteristics such as the level of human capital development.
While existing studies agree on the importance of skills in country GVC participation, they seldomly specify which skills matter for which types of GVC participation. To fill this gap in the literature, Grundke et al. (2017b) investigate the extent to which different skills and their distributions relate to global value chains in order to identify the specific skills that affect participation in GVCs. They find that cognitive skills, ICT skills, management and communication skills, and readiness to learn new skills have significant positive effects on integration into GVCs.
However, this relationship is stronger for cognitive skills than for the other skill indicators.
Furthermore, Grundke et al. (2017a) explore how the skill composition of a country's workforce (both types of skills and their distribution) shapes specialization in specific industries as well as their competitiveness and integration into GVCs. They find that industry competitiveness and positioning in GVCs depend on bundles of skills at the worker level, rather than on workers endowed with only one type of skills. They also find that workers' observed heterogeneity in skills' mix (i.e. their bundles of skills) and country-wide dispersion of these skills are fundamental determinants of countries' specialization in specific industries and the extent to which these industries integrate into global markets. For example, two countries characterized by similar average levels of "literacy skills" may end up specializing in completely different industries and 6 position themselves at different stages along GVCs depending on the "skills dispersion"
underlying the observed mean levels. These show that skills are key for economies to thrive in GVCs.
Effects of migration/diaspora in GVC participation
Studies by Saxenian (2006 Saxenian ( , 2007 , Ratha (2010) 
Role of human capital in GVC participation
Country participation in GVCs depends not only on skills (costs and quality) but also on the overall quality of human capital endowment. According to OECD (2013), higher value-added activities of GVCs are often concentrated in countries with well-developed human capital. These humancapital driven, and knowledge-based activities have become the main drivers of success in GVCs.
The value added from GVCs depends on the ability of participating countries to supply sophisticated and hard-to-imitate products and services. In addition, to move from low value-added activities to high value-added activities, more knowledge-based capital is required (OECD, 2013) since advanced capabilities allow for greater upgrading possibilities Tacchella et al. 2012) . Multinational firms look for skills that are necessary to innovate and be competitive. These skills are also affected by the changing nature of work due to technology advancement. As a result, multinational firms are increasingly looking towards workers with advanced cognitive skills (i.e. complex problem-solving skills), socio-behavioral skills (i.e. teamwork), adaptability and skill combinations such as reasoning and self-efficacy. However, building these skill sets requires strong human capital foundations. In a world governed by globalization and automation, a higher premium is put on human capabilities that cannot be fully mimicked by technology (WDR2019). Nonetheless, the labor force of many developing countries is populated by low or un-skilled workers who are mainly employed in low-productivity agriculture activities with very little access to technology. This partly explains why most of these countries are locked out of high value-added activities of the value chain. These countries are predominantly trapped in low-value added activities with little diversification and/or opportunity to upgrade to high value-added activities. Often, these countries worry they are locked out of the higher value-added activities.
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III. Data and Methodology
Data
GVC data
Intermediate inputs increasingly cross-national borders multiple times as production processes become more fragmented across different countries. Because of the growing importance of doublecounting, traditional trade statistics have become increasingly less reliable as a measure of the value contributed by each country. Value-added trade statistics help to identify and net out the Consequently, the difference between the gross output produced in each country and the sum of intermediate inputs (both domestic and foreign) used in the production process yields the value added generated in each country ( ). 1
Figure 1: Structure of a MRIO
The first component measures the share of country 's total exports of products in sector that are produced within the country (indirect value-added, ). This is "forward participation" as it computes domestic value-added incorporated in the exports of other countries (the downstream perspective). The second component is the share of imported (foreign) value-added that is incorporated into the exports of country , also referred to as "backward participation" (the upstream perspective). Whereas the first component is the share of a country's exports that contributes to GDP, the second component specifies the share of a country's gross exports that is made up of inputs produced in other countries. This GVC participation rate measures the extent to which a country's exports are linked to international production networks. Consequently, the larger is the participation ratio for a given country, the greater is its involvement in GVC.
In conclusion, our GVC data capture backward and forward participation at sector level for 115 countries worldwide including 23 SSA countries (see the Appendix for the list of SSA countries included in the data). We also focus on manufacturing GVCs and classify exports into 19 subcategories as presented in a concordance table in the Appendix.
Skill data
Human capital is potentially an important determinant of country participation in global markets.
However, data on human capital are often very difficult to obtain especially for SSA countries.
This study derived skills data using information from the Global Trade Analysis Project (GTAP) input-output tables. We also used the recently published Human Capital Index developed by the WBG (2018) as an indicator of human capital endowment. This index measures the knowledge, skills, and health a country's population accumulates over their life-cycles. In addition, we explore how skill-mobility (proxied by a country's net migration-to-population ratio) impacts on country GVC participation. The following subsections discuss each of these three skill indicators and how they are constructed.
a. Skilled and unskilled labor content in exports
Skilled labor data are very difficult to obtain especially for African countries. Even data on the education level of workers, as a proxy for skill-level, are not available for most SSA countries. We therefore generate skilled and unskilled labor content in exports (LACEX) using data from GTAP's Input-Output (IO) tables and a methodology developed by Cali et al. (2016) . Based on the International Labor Organization's (ILO) classification, skilled labor comprises professional workers who consist of managers and administrators (including far managers), professionals, and para-professionals. Unskilled workers (production workers) category consists of tradespersons, clerks, salespersons, personal service workers, plant and machine operators and drivers, laborers and related workers, and farm workers (Liu et al. 1998; Vo and Tyers 1996; Dimaranan and Narayanan, 2009 and . Since there is no complete global data set with disaggregate employment by worker type, the GTAP team initially used labor force surveys and national censuses of 15 different economies where data are available to develop a statistical model to explain labor payment shares in the sample regions. In a second stage, they use the results to predict labor payment shares in 37 aggregated sectors for unobserved regions. The authors subsequently mapped individual country data to GTAP concordance to address inconsistencies in occupational classifications used by different governments. The GTAP approach in splitting total labor payment into payment to skilled and unskilled labor has been used in several GTAP IO database version (GTAP 1-7) which are used in this analysis. Liu et al. (1998) provide a detailed description of the methodology used in GTAP to disaggregate labor payments by skills level.
The IO tables in the GTAP data set allow one to exploit a form of social-accounting matrix (SAM)
where incomes are shown in the rows of the SAM while expenditures are shown in the columns (Hertel, 2013 and McDougall, 2001 cited in Cali et al. 2016 . The structure of the data is based on a general equilibrium principle -every income has a corresponding expenditure. The advantage of using this framework is that it provides a comprehensive record of the interrelationships of an economy, including intermediate and final demand linkages (Cali et al. 2016 the Leontief inverse matrix (also known as the multiplier matrix) as:
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Here, the multiplier matrix measures the inputs contained in a unit of final output. Since we are only interested in (skilled and unskilled) labor contents, the second step is to extract the contribution of labor in total gross output from the value added of other factors of production. This is done by calculating a diagonal matrix that measures the labor value added share of total gross output. The diagonal matrix therefore has diagonal elements equal to the share of workers' compensation in output , which can also be divided between skilled and unskilled labor.
The final step is to use our and matrixes to extract the inputs of labor value added in total output and export. Using the product of these two matrixes as a multiplier for final outputs and export, we obtain the total labor value added of outputs and exports , respectively. This is mathematically presented below where and are diagonal matrixes whose non-zero diagonal elements are the vector of final demand and national export. This can also be done by sector relating to a unit of final output and export of each sector. We considered a total of 57 sectors in the economy (57 rows and 57 columns)
for both skilled and unskilled labor. The matrix contains the total labor value added in exports and has 57 sectors, for both skilled and unskilled labor. We harmonized the number of sectors in both the GTAP data and the GVC data in order to have the same sectors in both data sets. This leads to 19 different sectors, but only 10 sectors are manufacturing sectors. Moreover, the skills data generated from the GTAP IO tables cover only 3 years: 2004, 2007, and 2011 . These data are matched with our GVC data according to these 3 years and for corresponding manufacturing sectors. A panel of three years of data is generated accordingly and used in the analysis. Our underlying assumption is that, we expect skilled labor content in exports to have a positive and significant impact on countries' participation in GVCs while unskilled labor is expected to have less impact on GVC participation for a given country.
b. Human capital index
The 
c. Economic migrants
Data on skill mobility between countries and regions are difficult to obtain for SSA, as in other parts of the world. However, this can be proxied using data on international economic migrants although such data do not dissociate skilled from unskilled economic migrants. An economic migrant can be defined as a person who leaves his or her place of origin to seek better livelihood in another place (for a short or long term). In other words, economic migrants search for better job opportunities in places where they can earn better income compared to their place of origin. These migrants include both skilled and unskilled workers who move from one place to another purely for economic reasons. Since data on international economic migrants are available for most countries in the world, we use net migration-to-population ratio as a proxy for labor mobility. This is defined as:
_
A positive ratio for a given country means that more people (i.e. workers) are coming than leaving the country for work. In addition, a positive ratio means that more people join the domestic workforce since economic migrants add to the workforce of host countries. It is however important to note that economic migrants are different from refugees or asylum seekers and their worker statuses depend on host countries' laws and openness to foreign workers. In this regard, economic migrants can work either legally or illegally in formal or informal sectors of host countries.
Consequently, their skills can be incorporated in GVC activities. Thus, we expect the net migration ratio to have a positive and significant impact on countries' participation in GVCs.
Methodology: Model specifications and estimation technique
We use a gravity model to estimate the effects of skills and migration on the participation of to the extensive use of these models for a range of other bilateral flows and interactions.
We proceed by specifying our gravity-type relationships between (backward and forward) GVC participation, skills, migration and other control variables such as average distance to global GVC hubs. These gravity-type relationships will then be estimated using fixed-effect estimation techniques to understand the determinants of manufacturing GVC participation in Sub-Saharan Africa. Following Kowalski et al. (2015) , we define the backward and forward GVC participation equations for country in sector at time as:
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Here, we decompose our explanatory variables into two. gravity models, trade volumes are negatively related with the distance between trading partners (Anderson, 1979; Evenett and Keller, 2002; Anderson and van Wincoop, 2003) . Interestingly, GVC activities are highly clustered around three major manufacturing hubs worldwide: Germany, China and the United States (Baldwin and Lopez-Gonzalez, 2013). Kowalski et al. (2015) provide evidence that the farther a country is from these hubs, the lower its GVCs engagement. In contrast to Kowalski et al. (2015) who used the shortest distance from a given country to the three major manufacturing hubs, this study uses the average distance between a given SSA country and the three major hubs above. This is because African countries are increasingly diversifying their trading partners toward emerging countries such as China, Brazil, and the Russian Federation. This is demonstrated by the increasing trade volumes between SSA and China over the past two decades even though China is relatively remote from SSA. Because of the strong presence of China in Africa, using the closest manufacturing hub (which de facto is Germany) will exclude China, potentially making our results biased. We therefore use average distance between SSA countries and the three major hubs. Finally, as widely used in gravity models, we also include GDP per capita as a proxy of countries' economic mass.
The GVC participation equation defined in equation (1) is the sum of backward and forward participations. Consequently, we can write GVC participation as a function of ; ; 6
where is an error term. Based on the discussions above, a fixed-effect estimation technique is used to estimate equations (4) to (6) accounting for sector, year, and country group fixed effects.
The fixed-effects estimation technique is widely use because it yields consistent estimates without strong structural assumptions (Head and Mayer, 2013) . Equations (4) to (6) are therefore estimated focusing on the effects of skills, migration, human capital endowment on GVC participation. As discussed previously, skilled labor data are derived from the GTAP IO tables and skill mobility is proxied by net migration-to-population ratio to analyze the impact of foreign labor contribution on GVC activities. For comparative purpose, we independently estimate equations (4) to (6) for SSA countries and for the rest of the world. This is done to assess if the effects of skills and migration on GVC participation in SSA are any different from what is observed in other parts of the world.
To the best of our knowledge, this study is the first to assess the impacts of skills, migration, human capital endowment on the integration of SSA countries in backward and forward GVCs. Table 1 presents some descriptive statistics using data on 23 SSA countries (Table A1 presents a list of these countries) that have data on both manufacturing GVC and skilled/unskilled labor contents of exports. First, let's look at the GVC participation index. The larger the ratio, the greater the intensity of a country's involvement in GVCs. Table 1 shows that on average the intensity of involvement for SSA countries in manufacturing GVCs is approximately 44 percent. This means that less than half of total manufacturing exports in SSA are GVCs related exports. Since GVC participation has only two components reflecting upstream and downstream linkages in the chain, Table 1 provides suggestive evidence that the intensity of involvement for SSA countries is greater in backward (24%) than in forward (20%) manufacturing GVCs. This signifies that SSA countries incorporate more foreign inputs in their manufacturing exports (backward linkages) than they supply intermediate manufacturing inputs to the exports of other countries (forward linkages). Table 1 shows that on average skilled labor content in exports is lower than the unskilled labor content. This suggests that although skilled labor is more valued in exports than unskilled labor, the participation of SSA countries in manufacturing GVCs is concentrated in low-skilled manufacturing products. the global financial crisis. In terms of overall GVC participation rate, the chart indicates that, on average, GVC participation has improved in SSA although participation is more dominant in primary industries than in manufacturing. From Figure 3 , we report that resource rich oil-exporting SSA countries have the lowest participation rates in backward GVCs, followed by non-oil resource-rich exporters. Overall, resource-poor SSA countries perform better in backward manufacturing than their resource rich counterparts. Although the participation of SSA countries in backward GVC has been declining, these countries have registered tremendous improvements in their forward GVC integration over the past two decades. Unlike backward GVCs, resource rich oil-exporting countries are the dominant forces in forward GVCs while resource-poor countries have the lowest participation rates in forward manufacturing GVC. Focusing on overall GVC participation, Figure 3 shows that resource-poor SSA countries have the highest GVC participation rates than resource-rich countries who are least integrated in GVCs since the 1990s. This is a very interesting result as it is closely related with the popular Dutch-Disease effect of resource endowment.
IV. Descriptive Analysis
Figure 3: Trend in GVC participation for resource-rich and resource-poor SSA countries
Source: Authors' using UNTAD-MERO data Furthermore, Figure 4 exhibits a negative relationship between forward and backward GVC participation for all manufacturing sectors in 2011. In addition, this relationship holds for all the years combined as shown in the panel on the right. This means that countries with high forward integration tend to have lower backward integration and vice-versa, with a negative correlation of (-0.262) as shown in the correlation matrix presented in Table A2 . This negative correlation coefficient is consistent with the finding of Kowalski et al. (2015) who also found a negative correlation between backward and forward integration in GVC by sector.
Figure 4: Cross-country correlation between forward and backward GVC participation Index
Source: Authors' using UNTAD-MERO data We also look at how GVC participation is related with countries' level of economic development, measured by their GDP per capita. Figure 5 shows that at the global level, backward and forward GVC participation improve with GDP per capita but seemingly at a decreasing rate. This is because of the concavity of the chart in Figure 5 . In this figure, poor countries populate the bottom of the chart while rich countries are at the top of the distribution for both forward and backward GVC participations. This is not necessarily true in SSA, see Figure 6 , with the exception of South Africa.
Nigeria, SSA's biggest economy, has a lower GVC participation in manufacturing compared to smaller economies like Mauritius, Zimbabwe and Kenya. Nonetheless, SSA's poorest countries 21 grouped at the bottom of the chart in Figure 6 . Interestingly, both Figures 5 and 6 show that forward integration rates are generally lower than backward integration for most countries. GVC participation but a positive correlation between oil exporting and forward GVC integration. 
V. Estimation results and discussion
Due to the small size of the SSA sample (508 observations compared to 2,278 for the global sample), different specifications (see results from Table 3 -5) were run separately to assess the effects of skills and migration on GVC participation. These specifications were estimated while considering identification problems that might affect our estimated impacts. Moreover, we report robust standard errors to obtain unbiased standard errors under heteroscedasticity. Table 3 presents the fixed effects panel estimation results for our baseline model with key explanatory variables that are expected to drive GVC participation. Estimated results on backward and forward GVC participation are also presented side by side with the GVC participation estimates. For comparison purpose, we also estimate our model for the rest of the world using a sample of 115 countries. This is done to assess how SSA countries performs compared to the rest of the world. For this analysis, our variables of interest are skilled and unskilled labor content in exports, the human capital index, and net migration as share of the population.
The results presented in Table 3 show that skilled labor content in exports has the greatest positive impact on both backward and forward GVC participation, and these effects are stronger for SSA countries compared to the rest of the world. According to our estimates, a 1% increase in skilled labor content in exports could globally increase forward participation by less than 3% but increases forward integration in manufacturing GVC by more than 20% in SSA. Similarly, a 1% increase in skilled labor content of exports could increase global backward GVC participation by more than 5% and increases SSA's backward GVC participation by 24%. This suggests that increasing the skill component of SSA's exports will tremendously help these countries in incorporating foreign inputs into their exports. This is because with higher skills, SSA countries can import more sophisticated products from foreign countries and incorporate these products into their production processes to produce and export high value-added products. At the same time, higher skill will help SSA countries in supplying high value-added inputs into the exports of more advanced countries. Importantly, higher-skills provides new trading opportunities to further increase the participation of SSA countries in GVC and to diversify their exports away from the export of raw materials to value added goods. From these empirical results, we can say that skilled labor is the most important determinant of backward and forward GVC participation in SSA even stronger in comparison with the rest of the world. On the contrary, for all the specifications we ran ( Table 3- 25 4) we find that unskilled labor in exports has a negative but statistically insignificant effect on backward and forward integration at the global level. However, in SSA, these negative effects are statistically significant for both forward and backward GVC participation. Thus, when a country is well endowed with skilled labor which could help produce sophisticated goods, this significantly affects the quality of its production and therefore its backward and forward integration. But for a country that is endowed with a high percentage of unskilled labor, its productive capabilities are limited especially for sophisticated production. This restricts the country's ability to participate in forward and backward GVC. We also ran the regression using the GVC participation ratio as defined in equation (6), and all specification results (Table 3 -5) are statistically insignificant for both skilled and unskilled labor in the global sample. However, in SSA, the positive impacts of skilled labor on overall GVC participation are large and significant while unskilled labor also exhibits significant negative effects (see Table 3 -5). These results again confirm that skilled labor is a very important determinant for the integration of SSA countries in manufacturing GVCs, and its impact is larger in SSA countries than in other parts of the world given the region's low human capital endowment.
To account for initial human capital endowment, fragility and resource endowments, we include these indicators in our regressions in Tables 4 and 5. The effects of skilled labor on backward GVC participation become statistically significant but remain insignificant for forward and overall GVC participation at the global level. At the global level, initial human capital endowment seems to be the strongest determinant for both backward and forward manufacturing GVCs participation compared to other determinants. This suggests that at the global level, countries with strong initial human capital endowment do better in integrating their production processes into manufacturing GVCs than countries with low initial human capital endowment. For SSA, the HCI estimates are insignificant in the forward participation, but strongly positive in the backward integration. This is a very interesting result as it indicates that SSA countries with relatively high initial capital endowments are more likely to benefit from the opportunities provided by GVCs in terms of incorporating foreign value-added products in their manufacturing exports (the upstream participation). Moreover, a marginal improvement in the HCI could increase backward GVC integration by 6 to 8 percent (see Table 4 -5) comparing to the statistically insignificant 2 percent increase in forward participation. Tables 5 and 6 present the impact of migration on manufacturing GVC participation by respectively introducing net migration as a share of population and net remittances as a share of GDP. Net migration exhibits a positive and statistically significant effect on both backward and forward integration. Nonetheless, the benefits of migration on backward and forward GVC integration is greater for SSA countries compared to the rest of the world. As shown in Table 5 , a 1% increase in net migration flow as a percentage of recipient country's population could individually increase backward and forward GVC integration of the receiving 28 SSA country by roughly 5% but only increases backward and forward GVC participation by less than 1%, on average, for any non-SSA country. In other words, SSA countries that tend to receive net inflows of migrants seem to better engage in backward and forward GVCs than those with net outflows of migrants. To this point, migration is a strong and important determinant of manufacturing GVCs integration in SSA. Assuming that these migrants are both skilled and unskilled workers, we can infer that it is the skilled foreign workers that would contribute the most in increasing the participation of SSA countries in manufacturing GVCs. These foreign workers complement the local labor force especially in countries where there are skilled-labor shortages.
In sum, migration seems to be good for integration into manufacturing GVCs for SSA countries.
In Table 6 , we also look at the role of net remittance inflows as a share of GDP on GVC participation, but the results are not very impressive. At the global level, a 1% increase in global remittances as a share of global GDP translates to a 0.4% increase in forward GVC participation and a 1.9% increase in backward GVC integration. In SSA, an increase in remittances as a share of GDP does not translate into a significant effect on manufacturing GVC participation with both estimates not statistically significant at 95% confidence level. This suggests that remittance inflows from migrants abroad do not affect GVC participation for SSA countries, however net inflows of immigrants have a strong positive impact on GVC participation. In other words, emigration does not directly contribute to improve origin countries' engagement in GVCs. Finally, we now discuss the impact of some of our control variables (such as fragility, resource endowments and average distance from the three major manufacturing hubs) on GVC participation before concluding this study. In Tables 4 to 6, we respectively included a dummy fragility indicator in our regressions to account for countries' fragility at a given year. In most of these regressions, our estimates are positive and statistically significant for only SSA countries. This is because Côte d'Ivoire, one of the fragile SSA countries, is a major GVC participant and a major driver of growth in West Africa. This, consequently, drives the fragility index to have a significant positive effect on both backward and forward participation in SSA while having statistically insignificant effects on backward and forward integration in the global sample. Moreover, our results in Tables 4-6 indicate that SSA countries that are rich in non-oil resources tend to be more engaged in manufacturing GVCs than resource-poor SSA countries. 
VI. Concluding remarks and policy recommendations
This study assesses the role of human capital and natural resource endowment in SSA participation in manufacturing GVCs. We looked at the effects for both backward (FVA) and forward (DVX) participations as well as the overall GVC participation ratio. Fixed effects panel regressions with robust standard errors are estimated for 23 SSA countries and results are compared with a global sample of 115 countries, covering 19 manufacturing subsectors. Because of the lack of skilled/unskilled labor data for most SSA countries, we generated skilled/unskilled labor content in export using the labor content of exports (LACEX) methodology developed by Cali et al. (2016) .
We mapped the skilled data set defined for 57 sectors from the input-output GTAP table with the GVCs data derived from UNCTAD-Eora GVC Database which has 25 sectors. We focus on the impacts of skilled/unskilled labor contribution, migration and initial human capital endowment on forward and backward GVC participations. To our knowledge, this study is the first in the literature to assess the role of skilled and unskilled labor, net inflows of skilled/unskilled migrant workers, and the human capital index in GVCs integration. Importantly, this is the first study that focuses on SSA countries where skills related data are often very difficult to collect.
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Our results show that skilled labor is the most important determinant of backward and forward GVC participation in SSA. However, unskilled labor, which is the most available labor form in SSA economies, has adverse effects on both backward and forward GVC integration. This suggests that SSA countries need to improve their skilled labor content in exports to better engage in manufacturing GVCs. Public policies that upgrade unskilled to skilled labor should be encouraged in SSA countries. Investing in professional and skills developments that are required to support direct and indirect GVC related activities is needed for SSA countries to maximize the gains from GVC participation. In addition, our findings show that net migration as a share of population has a strong positive effect on backward and forward GVC participation. To this point, migration is an important determinant of integration in manufacturing GVCs for SSA countries. This is because skilled foreign workers contribute in increasing the participation of SSA countries in manufacturing GVCs especially in countries where there are skilled-labor shortages. Therefore, regional agreements that encourage and support intra-regional skilled mobility can be a great vehicle to upgrade countries' integration in backward and forward global and regional value chains.
Moreover, our results suggest that countries with greater human capital endowment (high HCI)
tend to engage more in manufacturing GVCs than those with low initial endowments. Since SSA countries lag behind the rest of world in initial human capital endowment, our results show that the impact of HCI on GVC participation is minimal in SSA compared to the rest of the world. This signals the need for policies to be directed towards improving the human capital index of SSA countries. Investing in children today is a great opportunity to boost long-term skilled endowment which has proven to register the highest impact on both backward and forward GVC participation in SSA. Finally, it is important to note that our analyses focus on manufacturing GVCs integration, but the methodology employed can also be extended to the primary and service sectors. Another limitation of this study is the small size of the SSA sample due to limited available skills related data. But future research on the role of skills in GVCs integration could explore other ways of collecting more longitudinal skilled/unskilled labor data for developing countries in general and explore how SSA would perform in comparison with other developing regions, especially those that are performing better. 
